This study investigates multimodal structural MR imaging biomarkers of development trajectories in pediatric bipolar disorder. T1-weighted and diffusion-weighted MR imaging was conducted to investigate cross-sectional group differences with age between typically developing controls (N = 26) and youths diagnosed with bipolar disorder (N = 26). Region-based analysis was used to examine cortical thickness of gray matter and diffusion tensor parameters in superficial white matter, and tractography-based analysis was used to examine deep white matter fiber bundles. Patients and controls showed significantly different maturation trajectories across brain areas; however, the magnitude of differences varied by region. The rate of cortical thinning with age was greater in patients than controls in the left frontal pole. While controls showed increasing fractional anisotropy (FA) and axial diffusivity (AD) with age, patients showed an opposite trend of decreasing FA and AD with age in frontotemporal-striatal regions located in both superficial and deep white matter. The findings support fronto-temporal-striatal alterations in the developmental trajectories of youths diagnosed with bipolar disorder, and further, show the value of multimodal computational techniques in the assessment of neuropsychiatric disorders. These preliminary results warrant further investigation into longitudinal changes and the effects of treatment in the brain areas identified in this study.
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Introduction
Research during the past two decades has demonstrated that bipolar disorder (BD) is an escalating problem among children and adolescents. While once thought to be rare, studies have demonstrated that 20-40% of adults diagnosed with BD report that their illness started during childhood or adolescence, rather than adulthood (Leboyer et al., 2005; Baldessarini et al., 2010 Baldessarini et al., , 2012 . Moreover, several studies have shown increasing numbers of children and adolescents are being diagnosed with BD. For example, the percentage of children and adolescents discharged from United States (U.S.) psychiatric hospitals with a diagnosis of BD has increased, from less than 10% in the mid-1990s to more than 20% in the mid-2000s (Blader and Carlson, 2007) . This is not only an inpatient phenomenon, as Moreno et al. found a forty-fold rise in the incidence of outpatient visits made to providers of all specialties for a diagnosis of BD during a similar period, from 25/100,000 in 1993 -1994 to 1003 /100,000 in 2002 -2003 (Moreno et al., 2007 . Furthermore, this is not just a diagnostic trend confined to the U.S., as rates of German children under age 19 years old admitted to psychiatric hospitals for BD surged 68.5%-from 1.13/100,000 in 2000 to 1.91/ 100,000 in 2007, an increase greater than the general trend for mental health disorder admissions (Holtmann et al., 2010) . To address the problem of rising numbers of children and adolescents being diagnosed with BD, we need greater understanding of the underlying neural mechanisms which could ultimately improve the specificity of our diagnostic and treatment approaches to pediatric BD. Mechanisms matter, as has been shown from other areas of biomedical research. For example, greater understanding of the mechanisms of childhood leukemia has resulted in better, more specific diagnostic approaches whereby suspicion of clinical symptoms (e.g., easy bruising, weakness, swollen abdomen) is confirmed (or ruled out) by a biomarker (e.g., a complete blood count). A similar approach using biological and behavioral mechanisms to augment clinical diagnosis could improve the specificity of how children are diagnosed as having BD (or not).
Towards that end, structural and functional magnetic resonance imaging (MRI) has been used as a tool to investigate such neural mechanisms, and previous studies have implicated the fronto-temporalstriatal circuit in pediatric BD. Specifically, structural MRI studies have
